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(54) PIEZOELECTRIC BODY ELEMENT, INK JET TYPE RECORDING HEAD, THEIR 
MANUFACTURE, AND PRINTER 
{57)Abstract: 

PROBLEM TO BE SOLVED: To prevent breakdown 
regardless of strong deformation and reduce scattering 
and improve reliability by making smaller the average 
crystal grain diameter of an electrode than a specific 
value. 

SOLUTION: A piezoelectric element 40 is composed by 
laminating an adhesion layer 401 , a lower electrode 402, 
a piezoelectric body thin film 403, and an upper 
electrode 404 on a diaphragm 30. Then, the lower 
electrode 402 uses platinum, iridium, or ruthenium as an 
electrode material and is formed by the sputtering 
method. Especially, the electrode material is deposited 
at a lower temperature than before to form the lower 
electrode 402 with a fine columnar crystal whose 

average crystal particle diameter is equal to or less than 30 nm. As a result, by adjusting the 
sputtering conditions of an electrode for relatively reducing the crystal particle diameter of the 
electrode, thus increasing the yield point and breakdown point of the electrode as compared 
with a conventional product and hence obtaining a reliable Inkjet type recording head without 
any possibility of breakdown for the strong deformation of the piezoelectric body element. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)l 

[Claim 1] The piezo electric crystal component characterized by equipping the diameter of average crystal 
grain with an electrode smaller than 30nm in the piezo electric crystal component which shows an electric 
machine conversion operation. 

[Claim 2l The piezo electric crystal component characterized by to have the up electrode which is formed 
on an installation side, is formed in the piezo electric crystal component which vshows an electric machine 
conversion operation on a lower electrode with the diameter of average crystal grain smaller than 30nm, 
the piezo electric crystal thin film in which the electric machine conversion operation formed on said 
lower electrode is shown, and said piezo electric crystal thin film, and becomes said lower electrode and 
pair. 

[Claim 3] Said lower electrode is a piezo electric crystal component according to claim 1 or 2 constituted 
including one element chosen from firom among the groups which consist of platinum, iridium, and a 
ruthenium. 

[Claim 4] The ink jet type recording head which equips any 1 term of claim 1 thru/or claim 3 with the 
piezo electric crystal component of a publication as an electrostrictive actuator. 
[Claim 5] A printer equipped with an ink jet type recording head according to claim 4. 

[Claim 6] The manufecture approach of the piezo electric crystal component characterized by forming the 
electrode for vapor-depositing an electrode material by the spatter less than [ output 200W ], and 
impressing an electrical potential difference to a piezo electric crystal thin film in the manu£acture 
approach of a piezo electric crystal component which shows an electric machine conversion operation. 
[Claim 7] The manufacture approach of the piezo electric crystal component characterized by forming the 
electrode for vapor- depositing an electrode material at the vacuum evaporationo temperature of 100 
degrees C or less, and impressing an electrical potential difference to a piezo electric crystal thin film in 
the manufacture approach of a piezo electric crystal component which shows an electric machine 
conversion operation. 

[Claim 8] Said electrode material is the manufacture approach of the piezo electric crystal component 
according to claim 6 or 7 which is one element chosen firom firom among the groups which consist of 
platinum, iridium, and a ruthenium. 

[Claim 9] The manufacture approach of the ink jet type recording head characterized by to have the 
process which forms a piezo electric crystal component on a substrate by the manufacture approach of a 
piezo electric crystal component given in any 1 term of claim 6 thru/or claim 8, the process which etches 
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said piezo electric crystal component and is formed in the configuration of an electrostrictive actuator, 
and the process which etches said substrate and forms the structure in which the regurgitation [ the ink 
of the pressure interior of a room ] is possible according to an operation of said electrostrictive actuator. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to invention of the manufacture approach which raises the 
dependability of a piezo electric crystal component or an ink jet t3^e recording head by improving the 
manufacture approach of an electrode especially with respect to the piezo electric crystal component used 
for an ink jet t3rpe recording head. 
[0002] 

[Description of the Prior Art] The ink jet type recording head used for the ink jet printer which breathes 
out an ink droplet in a record form alternatively According to the printing data inputted, and obtains an 
alphabetic character or a desired image is equipped with the piezo electric crystal component which 
functions as a driving source of the ink regurgitation. The piezo electric crystal component is equipped 
with the piezo electric crystal thin film pinched by an up electrode and the lower electrode. 
[0003] Although some approaches were conventionally suggested and enforced as the manufacture 
approach of a piezo electric crystal component, consideration was not carried out especially concerning 
the manufacture approach of an electrode. 

[0004] Generally as the manufacture approach of the conventional electrode, the spatter under high 
power and an elevated temperature was used. For example, a spatter output is before and after lOOOW, 
and vacuum evaporationo temperature was set as about 250 degrees C. For example, the general 
manufacture approach of the piezo electric crystal component which included the formation approach of 
such an electrode in the official report of U.S. Pat. No. 005691752 is indicated. 

[0005] By vapor-depositing an electrode on condition that the former, the precise metal thin film equipped 

with the fixed diameter of crystal grain was able to be formed. 

[0006] 

[Problem(s) to be Solved by the Invention] From a viewpoint of the dependability of a piezo electric crystal 
component, it is desirable that an electrode is hard. It is because it will be easy to deform plastically if an 
electrode is soft. Conventionally, in elegance, when a piezo electric crystal thin film deformed too much 
strongly, the yield point which is a critical point of the plastic deformation of an electrode was exceeded 
easily, and the electrode was easily destroyed depending on the case. Now, the dependability of the ink jet 
type recording head which has incorporated this piezo electric crystal component as a driving means, or a 
printer falls. 

[0007] Moreover, with the piezo electric crystal component of elegance, there was variation for every 
component conventionally. It is thought that this has one cause in the ability of an electrode not to 
manufacture to homogeneity. 

[0008] In view of this point, even if the invention in this application has strong deformation, it makes it a 
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technical problem to offer the product which was hard to destroy and applied a reliable piezo electric 

crystal component with Uttle variation, and this piezo electric crystal component. 

[0009] 

[Means for Solving the Problem] The invention in this application is a piezo electric crystal component 
characterized by equipping the diameter of average crystal grain with an electrode smaller than 30nm in 
the piezo electric crystal component which shows an electric machine conversion operation. 
[0010] The invention in this application is a piezo electric crystal component characterized by to have the 
up electrode which is formed on an installation side, is formed on a lower electrode with the diameter of 
average crystal grain smaller than 30nm, the piezo electric crystal thin film in which the electric machine 
conversion operation formed on said lower electrode is shown, and said piezo electric crystal thin film, 
and becomes said lower electrode and pair in the piezo electric crystal component which shows an electric 
machine conversion operation. 

[0011] The above-mentioned lower electrode is constituted including one element chosen fi:om from 
among the groups which consist of platinum, iridium, and a ruthenium. 

[0012] The invention in this application is the ink jet type recording head and printer which are equipped 
with the piezo electric crystal component of this invention as an electrostrictive actuator. 
[0013] The invention in this application is the manufacture approach of the piezo elfeCtiic crystal 
component characterized by forming the electrode for vapor depositing an electrode material by the 
spatter less than [ output 200W ], and impressing an electrical potential difference to a piezo electric 
crystal thin film in the manufacture approach of a piezo electric crystal component which shows an 
electric machine conversion operation. 

[0014] The invention in this appUcation is the manufacture approach of the piezo electric crystal 
component characterized by forming the electrode for vapor- depositing an electrode material at the 
vacuum evaporationo temperature of 100 degrees C or less, and impressing an electrical potential 
difference to a piezo electric crystal thin film in the manufacture approach of a piezo electric crystal 
component which shows an electric machine conversion operation. 

[0015] The above-mentioned electrode material is one element chosen from from among the groups which 
consist of platinum, iridium, and a ruthenium. 

[0016] The invention in this application is the manufacture approach of the ink jet type recording head 
characterized by having the process which forms a piezo electric crystal component on a substrate by the 
manufacture approach of the piezo electric crystal component of this invention, the process which etches 
said piezo electric crystal component and is formed in the configuration of an electrostrictive actuator, 
and the process which etches said substrate and forms the structure in which the regurgitation [ the ink 
of the pressure interior of a room ] is possible according to an operation of said electrostrictive actuator. 
[0017] 

[Embodiment of the Invention] The best gestalt for carrying out this invention is explained referring to a 
drawing. The operation gestalt of this invention is related with the structure of the piezo electric crystal 
component manufactured by the process and its manufacture approach of the piezo electric crystal 
component which raises the degree of hardness of a lower electrode, an ink jet type recording head, and a 
printer. 

[0018] In the ink jet type recording head in this operation gestalt, the sectional view which clarifies 
structure of a piezo electric crystal component part is shown in drawing 1 . On the diaphragm 30 which 
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forms an installation side, the piezo electric crystal component 40 of this operation gestalt carries out the 
laminating of the adhesion layer 401, the lower electrode 402 about this invention, the piezo electric 
crystal thin film 403, and the up electrode 404, and is constituted. 

[0019] The adhesion layer 401 consists of ingredients which heighten the adhesion force of the 
installation side of a piezo electric crystal component, and the lower electrode 402 of the piezo electric 
crystal component concerned. The adhesion layer 401 is using as the principal component one element 
chosen from from among titanium or chromium. The adhesion layer 401 is formed in the thickness of 
lOnm ■ about 50nm, for example, 20nm. When adhesion with the installation side (diaphragm 30) used as 
the lower electrode 402 and substrate instead of an indispensable configuration is securable, this 
adhesion layer of this adhesion layer 401 is unnecessary. 

[0020] The lower electrode 402 counters with the up electrode 404, is formed, by impressing an electrical 
potential difference between two electrodes, can make the piezo electric crystal thin film 403 produce an 
electric machine conversion operation, and is come. The lower electrode 402 is formed in the upper part of 
the adhesion layer 401 with the ingredient which has conductivity. Platinum, iridium, a ruthenium, etc. 
are mentioned as an ingredient which has conductivity. 0.1 micrometers - about (for example, 0.4 
micrometers) 0.5 micrometers of thickness of a lower electrode are formed in extent. 

t002l3 By being manufactured by the manufacture approach mentioned later, especially this lower 
electrode 402 has the description in the point that the diameter dl of average crystal grain of columnar 
crystal structure is formed in 30nm or less. It has been hard coming to deform the lower electrode 402 
plastically by consisting of diameters of crystal grain conventionally more detailed than elegance. 
[0022] If electric field are impressed to a piezo electric crystal component, a piezo electric crystal thin film 
will deform. Stress is applied to a lower electrode when a piezo electric crystal thin film deforms. A related 
Fig. with the distortion (deformation) epsilon brought about by that cause is indicated to be the stress 
sigma applied to a lower electrode at drawing 4 . A continuous line is the plastic deformation property of 
the electrode of this invention, and a broken line is a plastic deformation property in elegance 
conventionally. The field which stress increases in linearity with the distorted increment by the 
increment in impression electric field is the elastic range which can turn into the use range of a piezo 
electric crystal component. If distortion becomes large and comes to the limitation of elasticity, the 
increment in stress will come to hang low. This point is the yield point. If distortion furthermore increases 
by the increment in impression electric field, at last, ****** will stop ceasing in deformation and will 
result in destruction. This is the breaking point. 

[0023] As the electrode of the invention in this appUcation is shown in drawing 4 , the yield point is high 
for the reason mentioned later that it is hard to deform conventionally plastically. While the elastic range 
which can use a piezo electric crystal component becomes large, it stops for this reason, resulting in 
destruction easily also according to deformation of a strong piezo electric crystal thin film. 
[0024] The piezo electric crystal thin film 403 is crystal film of a perovskite structure which consists of 
ferroelectricity ceramic ingredients, such as PZT which shows the electric machine conversion operation 
formed on the lower electrode 402. It is enough if it has the configuration as a usual piezoelectric thin film 
as the piezo electric crystal thin film 403 concerned. For example, as an ingredient of a piezo electric 
crystal thin film, ferroelectricity piezoelectric ingredients, such as titanic-acid lead zirconate (PZT), the 
thing which added metallic oxides, such as niobium oxide, nickel oxide, or a magnesium oxide, to this are 
suitable. Specifically, lead titanate (PbTi03), titanic acid lead zirconate (Pb(Zr, Ti) 03), zirconic acid lead 
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(PbZr03), a lead titanate lanthanum (Pb, La) (Ti03), the PZT lanthanum (Pb, La) (Zr, Ti) (03), or 
magnesium niobic acid zirconium lead titanate (Pb(Zr, Ti) (Mg, Nb) 03) can be used. About the thickness 
of the piezo electric crystal thin film 403, it forms in extent which holds down thickness to extent which a 
crack does not generate in a production process, and presents sufficient displacement property thickly. 
For example, the piezo electric crystal thin film 403 is made into the thickness around 1 micrometer ■ 2 
micrometers. 

[0025] The up electrode 404 is the conductive film formed in thickness (about 0.1 micrometers) 
predetermined with ingredients, such as gold, platinum, and iridium. However, you may constitute from 
an electrode layer of this invention equipped with the diameter of crystal grain more detailed than before 
by manufacturing by the manufacture approach same also about this up electrode 404 as the 
above-mentioned lower electrode 402. 

[0026] Next, the structure of the ink jet type recording head equipped with the above-mentioned piezo 
electric crystal component 40 as an electrostrictive actuator is explained. A nozzle plate 10, a substrate 20, 
and the above-mentioned piezo electric crystal component 40 are contained to a case, and the ink jet type 
recording head 1 is constituted, as shown in the principal part perspective view part sectional view of 
drawing 10 . 

[0027] When the pressure room substrate 20 etches a silicon substrate, the pressure room (cavity) 21, the 
side attachment wall (septum) 22, the reservoir 23, and the feed hopper 24 are formed. The pressure room 

21 serves as space stored in order to carry out the regurgitation of the ink etc. The side attachment wall 

22 is formed so that it may divide between the pressure rooms 21. The reservoir 23 forms the passage for 
filling ink in each pressure room 21 in common. The feed hopper 24 is formed in each pressure room 21 
possible [ installation of ink ] fi-om the reservoir 23. 

[0028] The diaphragm 30 is formed in one field of the pressure room substrate 20, and the 
above-mentioned piezo electric crystal component 40 is formed in the location corresponding to the 
pressure room 21 on a diaphragm 30. Since it has elasticity, a mechanical strength, and insulation as a 
diaphragm 30, an oxide film (silicon dioxide film) is suitable. However, the zirconium dioxide film, the 
tantalum oxide film, a silicon nitride film, and the aluminum oxide film are sufficient, without limiting to 
the silicon dioxide film as a diaphragm 30. The ink tank inlet port 35 is established in some diaphragms 
30, and it is possible to lead the ink stored in the pressure room substrate 20 from the ink tank which is 
not illustrated. In addition, the lower electrode 402 and the adhesion layer 401 which were mentioned 
above may be formed all over the pressure room substrate 20 in piles with a diaphragm 30. 
[0029] The nozzle plate 10 is formed in the field which counters the diaphragm 30 of the pressure room 
substrate 20. The nozzle 11 is arranged in the location corresponding to each of the pressure room 21 at 
the nozzle plate 10. 

[0030] In addition, the configuration of the above-mentioned ink jet type recording head is an example, 
and can apply the piezo electric crystal component 40 concerned for a piezo electric crystal component to 
all piezo jet type heads usable as an electrostrictive actuator. 

[0031] In the configuration of the above-mentioned ink jet type recording head 1, if an electrical potential 
difference is impressed to inter-electrode and the piezo electric crystal component 40 is distorted, a 
diaphragm 30 will deform corresponding to the distortion. The ink in the pressure room 21 can apply a 
pressure according to the deformation, and it is made to breathe out fi:om a nozzle 11. 
[0032] The perspective view of the printer which equipped drawing 11 with the above-mentioned ink jet 
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type recording head 1 as an ink regurgitation means is shown. As this printer 100 is shown in drawing 11 , 
the tray 3, the exhaust port 4, etc. are formed in the body 2 of a printer. The ink jet type recording head 1 
of this invention is built in the interior of a body 2. To the form 5 supphed from the tray 3 by the form 
feeder style which is not illustrated, the body 2 arranges the ink jet type recording head 1 so that 
both-way actuation which crosses a it top may be possible. The exhaust port 4 is the outlet which can 
discharge the form 5 which printing ended. 

[0033] (The manufacture approach) The manufacture approach of the piezo electric crystal component of 
this invention and an ink jet type recording head is explained below. The following drawing 2 and 
drawing 3 are the mimetic diagrams of the production process sectional view at the time of cutting a piezo 
electric crystal component by the A- A cutting plane of drawing 10 . 

[0034] Adhesion layer formation process (Si) • This process is a process which forms the adhesion layer 

401 on a diaphragm 30 with the ingredient which heightens the adhesion force of an installation side and 
the lower electrode of a piezo electric crystal component. 

[0035] The diaphragm 30 used as an installation side is formed by oxidizing the silicon single crystal 
substrate 20 top of predetermined magnitude and thickness (for example, 200 micrometers in the 
diameter of 100mm, thickness) by the oxidizing [ thermally ] method. High temperature processing of the 
oxidizing [ thermally ] method is carried out in the oxidizing atmosphere containing oxygen or a steam. In 
addition; a CVD method may be used. Of this process, the diaphragm 30 which consists of a silicon 
dioxide is formed in the thickness which is about 1 micrometer. 

[0036] As a diaphragm 30, the zirconium dioxide film, the tantalum oxide film, a silicon nitride film, the 
aluminum-oxide film, etc. may be used instead of the silicon dioxide film. Or the laminating of the 
zirconium dioxide film, the tantalum oxide film, the aluminum-oxide film, etc. may be carried out on the 
silicon dioxide film. 

[0037] The titanium which serves as the adhesion layer 401 by the spatter is formed by the thickness of 
about 20nm on the front face of the near diaphragm 30 with which a piezo electric crystal component is 
formed. As an adhesion layer 401, chromium can also be used instead of titanium. 

[0038] Lower electrode formation process (S2) : This process is a process which forms the lower electrode 

402 for vapor-depositing an electrode material on the adhesion layer 401 according to the special 
conditions of the invention in this application, and impressing an electrical potential difference to a piezo 
electric crystal thin film. 

[0039] Platinum, iridium, or a ruthenium is used as an electrode material. It is because a detailed 
columnar crystal will be formed and it will come to do so the effectiveness of the invention in this 
appUcation, if the manufacture conditions of this invention are appHed to these ingredients. A spatter is 
applied as the manufacture approach. The description is that it vapor-deposits an electrode material 
below 100 degrees C which is temperature far lower than before (250 degrees C) using the output not 
more than 200W which is an output far especially lower than before (lOOOW) in this invention. 
[0040] As sputtering gas, an atmospheric pressure is set as about 0.45Pa as usual using the thing Ar as 
usual, for example, an argon. 

[0041] If spatter membrane formation is carried out on this condition, the lower electrode 402 with which 
the diameter of average crystal grain was equipped with the detailed columnar crystal 30nm or less will 
be formed. 

[0042] Piezo electric crystal component formation process (S3) • This process is a process which forms a 



7 



JP2000-299512A 



piezo electric crystal thin film and an up electrode by the conventional manufacture approach on the 
above-mentioned lower electrode 402. 

[0043] The laminating of the piezo electric crystal precursor film is first carried out on the fi-ont face of the 
lower electrode 402. for example, the case where a sol-gel method is used -- the mol of lead titanate and 
lead zirconate -- a mixing ratio -- 44% - 56% -- it is - the mol of magnesium and niobium -- the precursor 
liquid (sol) of a piezo electric crystal thin film of a PZT-PMN system with which a mixing ratio is set to 1*3 
is used. Precursor liquid is applied to fixed thickness. Spreading performs a sol with common use 
techniques, such as a spin coat method, a dip coating method, the roll coat method, and the bar coat 
method. For example, it codes in a spin coat method 12 times. 

[0044] the applied precursor ■- predetermined about temperature, for example, 180 degrees C, 
predetermined time - for example, it is made to dry for 10 minutes 

[0045] Subsequently, the dry precursor is degreased. Cleaning is sufficient temperature (for example, 
about 400 degrees C) to gel the precursor film and remove the organic substance out of the film, and is 
performed by sufficient thing to do for time amount (for example, for 30 minutes) heating. The precursor 
film turns into a porosity gel thin film which consists of an amorphous metallic oxide which does not 
contain the residual organic substance substantially at this process. 

[0046] The process which consists of these spreading / desiccation / cleaning is repeated 12 times the 
number of predetermined times, for example untU it becomes the thickness of 0.8 micrometers thru/Qr 2.0 
micrometers. 

[0047] Subsequently, in order to crystallize the piezo electric crystal precursor film, the whole a total of 3 
times substrate is heated every four layers. For example, after carrying out predetermined time (about 5 
minutes) maintenance at suitable temperature (about 650 degrees C) in an oxygen ambient atmosphere 
from both sides of a substrate using the infrared radiation light source (not shown), at an elevated 
temperature (about 900 degrees C), short-time (l-minute about room) heating is carried out, and a 
natural temperature fall is carried out after that. The piezo electric crystal precursor film is crystalized at 
this process, and the piezo electric crystal thin film 403 equipped with the perovskite crystal structure is 
formed. 

[0048] In addition, as the manufacture approach of the piezo electric crystal thin film 403, the high 
fi-equency spatter forming-membranes method besides the above-mentioned sol gel process, a CVD 
method, the MOD method, the laser ablation method, etc. can be used. 

[0049] If the piezo electric crystal thin film 403 is crystallized, the up electrode 404 is formed using a 
conductive ingredient. A spatter is applied using platinum, iridium metallurgy, etc. as a conductive 
ingredient. In addition, as mentioned above, also in formation of an up electrode, the electrode 
manufacture approach of the same this invention as a lower electrode can be offered. 

[0050] The layer structure of the piezo electric crystal component 40 is completed at the above process. In 
order to use it as a piezo electric crystal component, this layer structure is etched and fabricated in a 
suitable configuration. Below, this layer structure is fabricated and combined with the configuration as 
an electrostrictive actuator, and structure required for an ink jet type recording head is formed. 
[0051] Dry etching process (S4)- This process is a process which etches the piezo electric crystal 
component 40 and is formed in the configuration of an electrostrictive actuator. 

[0052] According to the location in which the pressure room of a substrate 20 should be formed, the resist 
which has uniform thickness on the up electrode 404 is applied. As an applying method, suitable 
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approaches, such as the spinner method and a spray method, are used. It leaves the resist which exposed 
and developed after resist spreading and was doubled with the electrostrictive actuator configuration. 
Dry etching of the up electrode 404, the piezo electric crystal thin film 403, the lower electrode 402, and 
the adhesion layer 401 is carried out by using this resist as a mask, and the piezo electric crystal 
component 40 corresponding to each pressure room is formed. Dry etching chooses gas with the selectivity 
over a class ingredient suitably, and performs it. 

[0053] Wet etching process (S5) : This process is a process which etches a substrate 20 and forms the 
structure in which the regurgitation [ the ink of the pressure interior of a room ] is possible according to 
an operation of an electrostrictive actuator. 

[0054] After taking measures, such as covering the piezo electric crystal component 40 by the suitable 
protective coat, wet etching of the field of the opposite side of a substrate 20 is carried out. As an etching 
reagent, an anisotropy etching reagent, for example, the potassium-hydroxide water solution of 10% of 
concentration kept warm by 80 degrees C, is used. However, the anisotropic etching approach which used 
activity gases, such as parallel monotonous mold ion etching, instead of wet etching may be used. 
[0055] The part of the pressure room 21 is etched by this process, and a side attachment wall 22 is formed 
of it. 

[0056] Ndiszle plate junction process (S6) - A nozzle plate 10 is joined so th^t the pressure room 21 of the 
pressure rboitt substrate 20 formed of the above process may be coveredi As adhesives oised for junction, it 
is usable in the adhesives of arbitration, such as an epoxy system, an urethane system, and a silicone 
system. 

[0057] In addition, the configuration which consists of a pressure room substrate 20 and a nozzle plate 10 
may really be fabricated by etching a silicon single crystal substrate. 

[0058] (Consideration) Application of the manufacture approach of this invention considers why the 
electrode layer equipped with the small diameter of crystal grain is formed. By the manufacture approach 
of this invention, the output and temperature of a spatter in electrode formation are suppressed low. On 
this condition, the membrane formation rate of electrode materials, such as platinum, i.e., the thickness 
accumulated in per unit time amount, becomes lower than before, while - the circumference to which the 
electrode material is vapor deposited - residual gas, such as carbon, nitrogen, and oxygen, - ** - the gas 
for spatters and an argon exist. When a membrane formation rate is low, the atom which constitutes 
these gas is considered that the effect which it has on an electrode material relatively is large. That is, the 
atom which constitutes these gas will block growth of the crystal grain child of electrode materials, such 
as platinum, who is growing comparatively slowly. If there is active jamming, growth of the crystal grain 
child beyond it will stop. An electrode layer will be formed with a columnar crystal with the comparatively 
small diameter of crystal grain from this. 

[0059] Thus, the formed electrode layer has a farther [ conventionally / than elegance ] low particle size of 
a columnar crystal. For example, according to the manufacture approach of the invention in this 
application the place whose diameter of average crystal grain is about 60nm as it is the conventional 
spatter, the diameter of average crystal grain is set to 30nm or less. When the diameter of crystal grain is 
small, many grain boundaries, i.e., defects, will exist in an electrode layer. The rearrangement which 
exists in the film is fixed by existence of these defects, and it is hard coming to move. If this is seen 
macroscopically, the degree of hardness of an electrode layer will become high. 

[0060] Moreover, the yield point (hardness) K of this member at the time of generally setting the diameter 
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of crystal grain to L is expressed with K ** k/L 1/2. However, let k be a proportionality multiplier. Even if 
it judges from this formula, if the diameter of crystal grain becomes small, it will be thought that the yield 
point in a piezo electric crystal thin film becomes high. 

[0061] (Example) The piezo electric crystal component (example) manufactured through the above 
production process was compared with the piezo electric crystal component (example of a comparison) 
manufactured by the conventional manufacture approach. 

[0062] The result of having measured piezo -electric d constant of the thickness direction which defines 
the main piezo-electric property of a piezo electric crystal component as drawing 5 is shown. The 
difference of a property was not seen with the piezo electric crystal component of an example, and the 
piezo electric crystal component of the example of a comparison so that drawing 5 might show. 
[0063] A cross-section SEM photograph [ in / for the cross-section SEM photograph in the piezo electric 
crystal component of the example of a comparison / the piezo electric crystal component of an example ] is 
shown in drawing 6 at drawing 7 . The difference was not looked at by the crystallinity of a piezo electric 
crystal thin film etc. even if it compared both photograph. 

[0064] The SEM photograph of the lower electrode surfiace of the example of a comparison is shown in 
drawing 8 , and the SEM photograph of the lower electrode surface of an example is shown in drawing 9 . 
Both drawings are photoed for the same scale factor. It was observable that the diameter of crystal grain 
in the electrode of an example is (30nm or less) below one half compared with the diameter of crystal 
grain in the electrode of the example of a comparison so that it might turn out that both drawings are 
compared. 

[0065] According to this operation gestalt, the diameter of crystal grain of an electrode was able to be 
relatively made small by adjusting the spatter conditions of an electrode. Therefore, a piezo electric 
crystal component equipped with the elastic range conventionally larger than elegance which the yield 
point of an electrode went up can be offered. Since it is conventionally higher than elegance also with the 
yield point and the breaking point, a reliable ink jet type recording head and a reliable printer without a 
possibility that destruction may arise also to strong deformation of a piezo electric crystal component can 
be offered. Moreover, since the crystal grain child is detailed, it is able for the property of an electrode to 
come to have a uniform property and to collateraHze the homogeneity of a product in every part. 
[0066] (Other modifications) it not being based on each above-mentioned operation gestalt, but being able 
to deform and be adapted for versatility of this invention For example, the piezo electric crystal 
component manufactured by this invention can be applied to other manufacture approaches, without 
being limited to the above-mentioned manufacture approach. The layer structure of a piezo electric 
crystal component can also manufacture the piezo electric crystal component equipped with the layer 
structure which consists of plurality by making a process complicate, without being limited above. As long 
as the structure of an ink jet type recording head is a piezo jet type ink jet method, it may not be limited 
to the above-mentioned structure, but may be other structures. The piezo electric crystal component of 
this invention can be adapted for manufacture of ferroelectric equipments, such as a non-volatile 
semiconductor memory, a thin film capacitor, a pyroelectricity detector, a sensor, a surface -acoustic- waves 
optical waveguide, optical memory, a space optical modulator, and a firequency doubler for diode lasers, a 
dielectric device, pyroelectricity equipment, a piezoelectric device, and an electro-optic device only as a 
piezo electric crystal component of an ink jet type recording head as shown in the above-mentioned 
operation gestalt. 
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[0067] 

[Effect of the Inventionl Since it had the high electrode of the yield point that it is hard to carry out elastic 
deformation according to the invention in this apphcation, even if strong deformation occurs, the product 
which was hard to destroy and appUed a reliable piezo electric crystal component with little variation and 
this piezo electric crystal component can be offered. 
[0068] 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] The sectional view of the piezo electric crystal component in an operation gestalt. 
[Drawing 2l The production process Fig. of the ink jet type recording head in an operation gestalt (l). 
[ Drawing 3] The production process Fig. of the ink jet type recording head in an operation gestalt (2). 
[Drawing 4] Drawing explaining the relation between the stress of a lower electrode layer, and distortion. 
[Drawing 5] The piezo electric property Fig. in the piezo electric crystal component of an example and the 
example of a comparison. 

[Drawing 6] The cross-section SEM photograph of the piezo electric crystal component of the example of a 
comparison. 

[Drawing 7] The cross-section SEM photograph of the piezo electric crystal component of an example. 
[Drawing 8] The SEM photograph of the lower electrode surface of the example of a comparison. 
[Drawing 9] The SEM photograph of the lower electrode surface of an example. 

[Drawing 10] The principal part part sectional view of the ink jet type recording head of this invention. 
[Drawing 11] The perspective view of the printer of this invention. 
[Description of Notations] 
20 Pressure Room Substrate 
30 Diaphragm 

40 Piezo Electric Crystal Component 

401 Adhesion Layer 

402 Lower Electrode of this Invention 

403 Piezo Electric Crystal Thin Film 

404 Up Electrode 
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